Objective. The cerebral mechanisms of traits associated with depersonalization-derealization disorder (DPRD) remain poorly understood.
Introduction
Clinicians dispute over the nosological categorization and etiology of depersonalization-derealization disorder (DPRD). According to current classification, 1 there are 4 core features that characterize DPRD, namely, estrangements from body experience, from the sense of self, from external reality, and from emotional sensations. The Diagnostic and Statistical Manual of Mental Disorders, 5th ed. (DSM-5) continues to subsume DPRD under dissociative disorders, whereas in the International Classification of Diseases, 10th rev.
(ICD-10), a separate nosological category is reserved for DPRD. Pertaining to frequent comorbidities, many expert clinicians, however, believe that depersonalization is an extreme feature of both anxiety or depression, 2 thus linking DPRD to these nosological categories. We decided to ascertain the respective brain bases of these traits to address this problem. To this end, we correlated cerebral response to emotionally positive and negative facial stimuli in DPRD patients, with relevant personality traits separating DPRD and normal controls.
One of the characteristics that has been documented for DPRD 3 but has been rarely investigated is somatization. Somatization is an enduring trait characterized by complaints about bodily dysregulation, pain, and other physical discomfort. According to the DSM-5 1 list of physical symptoms indicative of somatization, somatization symptoms are frequently associated with depression, anxiety, and feelings of distress. 4 Together with anxiety and dissociation, somatization plays also a major role in the ensemble of symptoms that follow trauma. 5 The main disorders of somatization-medically unexplained physical symptoms-implicate heightened autonomic arousal and cognitive filtering of bodily symptoms as their bases. 6 Genetic association studies have linked trait somatization (as measured with Rief's SOMS-2 index) significantly to the long alleles of the 5-HTTPLR gene. 7 The anterior ventral precuneus and posterior cingulate gyrus have been identified co-varying with somatization severity. 8 Accordingly, we hypothesized that somatization severity would co-vary with the activation in structures that are part of the pain neuromatrix, and/or are implicated in interoception of gut signals, and are specifically associated with the serotoninergic system (eg, ventral striatum). The relation of depersonalization to dissociation is also not yet sufficiently clarified by empirical research. Recent findings suggest a strong typical interrelation of dissociation with posttraumatic stress, emotional numbing (a core feature of DPRD), and alexithymia. 9 However, both disorders are not entirely congruent, although studies typically report significant association between dissociative experience and DPRD self-report. 10 Depressive states are also typically involved with DPRD, and similarly to anxiety disorders, depersonalization is also a frequent comorbidity in depressive disorders. 2 Because of extensive neuroimaging studies, cerebral bases of depression both as clinical state and measured in research scales are relatively well known. Depression is associated with well-known brain activation patterns that typically involve subgenual cingulate, amygdalar, and prefrontal co-engagement. 16, 17 In both adults and adolescents, medial prefrontal cortex and subgenual cingulate gyrus are preferentially activated during both normal sadness and pathological depression, and they co-vary with scores on the Beck Depression Inventory (BDI). We hypothesized therefore that the regions of the basal forebrain and limbic structures would be correlated with BDI scores. Among the clinical categories commonly found to be comorbid with DPRD are anxiety disorders. Depersonalization states, in turn, are also frequently found accompanying anxiety disorders. 2 In electrophysiology, both state and trait anxiety are correlated with desynchronized electroencephalography (EEG) patterns, which indicate the presence of increased vigilance due to over-arousal. 18 Trait anxiety is known to modulate fear responses by altering threat sensitivity, eg, in the basolateral amygdala, prefrontal regions, and posterior cingulate gyrus. 19 Previously, state anticipatory anxiety increased brain metabolism in the right superior temporal sulcus and the left anterior cingulate. 20 We therefore also hypothesized these regions as correlation regions with the respective anxiety scales. We designed a study in which DPRD patients and healthy subjects were shown happy and sad facial expressions in 3 different intensities. Clinical self-report measures were included in correlational analyses with neural responses to identify regions associated with the respective clinical trait. Differential regression analyses then indicated the regions discriminating the DPRD and NC groups by significant differences in regression slopes for the two groups.
Methods
The Institute of Psychiatry Research Ethics Committee endorsed all procedures of the study, which was conducted in compliance with the Helsinki Declaration. 21 All subjects were reimbursed for their participation and gave written informed consent to the scientific use of their data. Primary-diagnosis DPRD patients (mean age, 36.11 ± 2.34 SEM years; education level, 2.22 ± 0.14; 2 5 junior college level; N 5 9, 4 females) from the Maudsley Hospital, London, and normal control (NC) subjects (mean age, 27.25 ± 1.95 years; education level, 2.58 ± 2.02; N 5 12, five females) participated in the experiments. At the time of investigation, patients were treated in a specialized clinic for this diagnosis (ASD and MLP). All patients were diagnosed with DPRD according to Diagnostic and Statistical Manual of Mental Disorders, 4th ed. (DSM-IV) criteria by a psychiatrist not involved in the study. DPRD patients were separately invited to participate in the study by the experimenter (EL), who was blind to all medical records. The clinical cut-off level of .70 on the Cambridge Depersonalization Scale (CDS) item version total scale discriminative for DPRD 22 was exceeded for all patients (175.77 ± 12.31). Six patients were diagnosed with minor comorbid depression and/or anxiety disorder. Six patients were unmedicated, and 3 received lowest weaning doses of 3 different medications [including selective serotonin reuptake inhibitors (SSRIs) and neuroleptics (paroxetine, fluoxetine, olanzapine)]. The 12 NC subjects were chosen to match sample characteristics of DPRD patients. No specific differences in sociodemographic factors (education, socio-economic status) and gender ratio were found. Right-handedness was verified with the Edinburgh Handedness Inventory. 23 Personality traits relevant for DPRD were assessed using the following self-report forms further to the CDS cutoff for DPRD 22 (see above):
the Beck Depression Inventory (BDI), 24 the StateTrait Anxiety Inventory (STAI), 25 the Dissociative Experience Scale (DES), 26 and the Screening for Somatoform Disorders (SOMS). 27 The questionnaire raw data were used for fMRI correlation images, and for estimation of unique variance proportions and classification specificities for clinical DPRD diagnoses in logistic regression and receiver operating characteristics (ROC) models. Subjects were presented with 20 facial expression stimuli at 0% (neutral)-50% (mild)-100% (intense) intensities of happy and sad emotion expressions. Separate scans were performed for happy and sad conditions. Subjects were required to determine the sex of the face, ie, an implicit emotion recognition task. Figure 1 depicts the design diagram of the experimental tasks. More detailed information on the task can be found in the online Supplementary Information.
Gradient echo echoplanar imaging (EPI) data were acquired on a Neurovascular GE Signa 1.5 Tesla system (General Electric, Milwaukee, WI, USA), which was equipped with 40 m/mT high-speed gradients, at Maudsley Hospital, London. A quadrature birdcage headcoil was used for radio frequency (RF) transmission and reception. 180 T 2 *-weighted images were acquired over 6 minutes for each of the 2 tasks at each of 16 nearaxial noncontiguous 7 mm thick planes parallel to the intercommissural (AC-PC) line using the following specifications: TE 40 , FOV 25 cm, FA a 908. The high resolution EPI dataset was later used to register the fMRI datasets that were acquired from each individual in standard stereotaxic space. The program suite XBAM (http://www.brainmap.it), with mathematical control for signal-to-noise ratio, was used to perform the analysis of fMRI data.
Under the assumption that the subtraction map reflects pure emotion-induced cerebral activation at higher intensity levels, aggregate images of 50-100% of emotional expression were computed after subtracting neutral facial expression activation. The aggregate images were used as a basis for correlation images with clinical trait scales. The aggregate activation maps and correlation images served as a basis for ascertaining regions in which the two groups significantly differ for a clinical trait. Differential linear regression models were set up by inclusion of age and sex as covariates of no interest, at a minimum of 50 random permutations.
Results
Judgment accuracies in the gender decision task for facial expressions were evaluated as the percentage of correct answers in each of the 6 categories (for each happy and sad, neutral, mild, intense). Correct overall answers were 49.54% for DPRD and 51.31% for controls. These rates are in line with other studies that have utilized implicit facial paradigms. 28 No systematic differences between DPRD and NC emerged for reaction times and response accuracy. The internal consistencies for the Dissociative Experience Scale, the Screening for Somatoform Disorders, the Beck Depression Inventory, and the State-Trait Anxiety Inventory (DES a 5 0.965, SOMS a 5 0.783, BDI a 5 0.779, STAI Y1 a 50.919, STAI Y2 a 5 0.815) were satisfactory for subsequent analyses. We attempted to predict clinical DSM diagnoses of DPRD by each of these scales. Logistic regression was used to model the linear relationships between BDI, SOMS, DES, and STAI Y1 and Y2, and clinical diagnoses. ROC were utilized to assess the classification sensitivity of the self-report scales with respect to psychiatric diagnosis.
The results are presented in Table 1 . Each of the tested personality trait scales was able to predict the clinical DPRD diagnosis, and each also demonstrated sufficient classification specificity for the clinical diagnosis. Both the BDI and SOMS scales have unique variance contributions .50% for the clinical diagnosis, and have areas under the curve .80%. The DES, STAI Y1, and STAI Y2 scales still yield significant regression models; however, in comparison, they are less potent regressors, but are still valid classifiers for clinical diagnosis of DPRD.
Under stimulation with happy facial expressions (Table 2A, Figure 2 left panel, Figure 3 ), regions significantly discriminating between the DPD and NC groups were we follows: for somatization severity, the right temporal operculum; for dissociative experience, the right supramarginal gyrus (BA 40); for depression load, the left pulvinar nucleus of the thalamus; for state anxiety level, the left inferior frontal gyrus (BA 45); and for trait anxiety level, the right caput of the caudate nucleus. During processing of sad faces (Table 2B , Figure 2 right panel, Figure 4 ), DPRD and NC groups differed significantly in the following regions: for somatization, bilateral ventral striatum adjacent to the subgenual cortices (BA 25); for dissociation, the left inferior temporal gyrus (BA 36); for depression, the left amygdala; for state anxiety level, the left parahippocampal gyrus (BA 28); and for trait anxiety level, the right superior temporal gyrus (BA 22).
Discussion
We aimed to examine the potential neural mechanisms underlying DPRD with respect to the cerebral bases of the traits of depression, anxiety, dissociation, and somatization in relation to normal controls. Using a whole-brain correlational neuroimaging approach, we ascertained the cerebral correlates of these traits as elicited by tasks of facial emotion processing. The main findings in the behavioral domain were the following: the strongest predictors for DPRD diagnosis were depression severity, then somatization severity. Although trait dissociation is also a significant predictor of DPRD, its classification specificity is considerably lower than depression and somatization.
In the neural domain, our results indicate that there are dissociable cerebral bases subserving each of the personality traits in the 2 emotion conditions. For depression, the regions that significantly discern the 2 experimental groups were the thalamus and the amygdala under happy and sad stimulation, respectively. These results are consistent with previous findings that have implicated these limbic structures in depression. For trait somatization, the regions that significantly discriminated between the 2 experimental groups were the temporal operculum in the happy condition and the bilateral ventral striatum in the sad condition. These findings support the notion that trait somatization complaints could follow neural representations of interoception, and they support accumulating evidence that somatization is serotoninergically mediated. The differential association clusters of dissociation were located in the supramarginal and inferior temporal cortices, respectively, which is consistent with our a priori hypotheses. The association of state anxiety with the neural response in the inferior frontal gyrus to happy faces and the parahippocampal gyrus to sad faces replicates published literature for anxiety in affective disorders. 29 The discriminative regions for trait anxiety are the caudate head and the superior temporal gyrus. This finding also replicates previous findings for anxiety, although these were observed for state anxiety. 20 We will briefly discuss our discriminative regions in the light of recent findings. The operculum is known for its role in unpleasant somatosensation, pain conditioning, and memory retrieval. 30 A particular role of the operculum in happiness has been found in smile and laughter processing. 31 The ventral striatum has been demonstrated to constitute the valence appraisal regulatory system, 32 as it is sensitive to the whole content of the face. Because compassion and sad affects encompass social reward, ventral striatal activity is often found in reversal of the normal pattern. 33 The pulvinar nucleus of the thalamus, which is anatomically connected to the amygdala and orbitofrontal cortex, 34 is part of the fast-track route that conveys low-frequency facial processing. 35 It has been demonstrated to play a key role in the suppression of emotional memory, specifically in reappraisal and suppression of negative emotions. 36 Amygdalar correlation is frequently seen in association studies with scales that measure depression. 37 As an indicator for depressive trait vulnerability, amygdalar connectivity with orbitofrontal cortices has been observed to be altered by sad stimulation. 38 Essential for visuospatial processing, the supramarginal gyrus has been recognized as a key region for happy facial expression processing. 39 More recent findings have indicated that the supramarginal gyrus is specifically active in positive word recognition, 40 as well as emotion attribution in normal controls. 41 The lower portion (BA 36) of the inferior temporal gyrus has been implicated in emotion reappraisal. 42 A key role seems to be in valence discrimination and in ambiguity evaluation in nonsalient emotion signals. 43 The ventrolateral prefrontal cortex has been found to be central to compassion toward others. 44 This also explains its role in negative emotional rumination. 45 The parahippocampal gyrus has been implicated in impaired emotion regulation. Specifically, it has been found in positive emotion suppression, but has been described as part of the reward circuit, 46 along with the caudate and ventral striatum. The caudate head has been implicated in familiarity processing in smile perception. 47 As part of the motivational control system, it showed inverse correlation with extraversion in happiness states. 48 The superior temporal gyrus (STG) is a key region in human face processing; because of this, it becomes active as a basis of the familiarity bias in sad emotional memories. 49 Modulation of the STG is seen by exposure to sad faces during tryptophan depletion, 50 but also during sadness states induced by nonfacial stimuli. 51 
Limitations
Although this sample comprises a cross-sectional patient sample distributed countrywide, the absolute number of patients should always be regarded with caution. The nonparametric and permutation based inference software should, however, be safe against inflation of coefficients and reflect brain bases with precision. It cannot be excluded that the weighting of the traits (eg, depression) could be biased by comorbidity, although the minor weight of anxiety would speak against assumption of a comorbidity bias. In contrast, the potency of somatization, documented here for the first time, could emphasize the possible consequences of trauma 5 in the etiology of DPRD. Due to the lack of trauma data in this sample, however, a final conclusion for this finding is not yet feasible. Finally, it can be regarded as a limitation that not a structured interview for (such as Structured Clinical Interview for DSM-IV Dissociative Disorders (SCID-D)) was employed. However, DSM diagnostic criteria were applied by 2 expert clinicians for this disorder independently.
Conclusion and Recommendations
In sum, the neuroimaging results suggest that DPRD patients may employ abnormal emotion regulation mechanisms, as indicated by the finding that differential regions are structures concerned with cognitive processing of emotion perception, appraisal, and rumination. This implies that DPRD patients may be occupied with cognitive processing and reflection of emotion signals, as a correlate of emotional dampening in this group. Regarding our directions for future research endeavors, we would recommend that a direct comparison of other clinical groups, as mentioned here, would be beneficial in further efforts to clarify the nosological status of DPRD.
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